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This Invention xelatea to a low friction load bearing 
material • 

The invention was particularly devised to provide a friction 
reducing material for alldewaye such as those of machine 
tools. However It may be more broadly applicable* 

Slldeways of machine tools need to be accurately flat, and to 
remain dimensionally stable. However, they may carry heavy 
loading in use^ They are also used under conditions where 
they may be subject to dirt, metal swarf, oil and other 
contaminants • 

These factors combine to make it difficult to provide 
satisfactory friction reduction on machine tool slldeways. 

In one prior proposal, the slideway is made of cast iron, 
which can be lubricated with oil if desired. This provides 
the necessary strength characteristics, but Inferior friction 
reducing properties. 

It has been attempted to reduce friction using the properties 
of polytetrafluoroethylene (ptfe) , but this material is 
difficult to apply satisfactorily to the slideway • In one 
method, a ptfe material is provided. At the surface of the 
material, acid etching is used so as to provide surface 
texture to the ptfe. An adhesive is used to secure the etched 
surface to the slideway, the adhesive being mechanically 
bonded to the surface texture of the material. 

This method provides a very low friction surface, but the 
adhesive connection is weak and there is a tendency for the 
material to peel away from the slideway under conditions of. 
use. This is aggravated by the tendency for ptfe to stretch 
and distort under moving loads and by the abrasive effect of 
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Btf e is chemically inert and is therefore very difficult to 
adhere to a substrate. On sintering it expands by about 25 %r 
approximately ten times the rate of eacpansion of steel for 
example, whereas on cooling it shrialcs by soane 30%. It will 
be seen that differential ea^ansion alone is liJcely to cause 
it to separate from a substrate* 

For practical reasons it has therefore been' used in powder 
form in a carrier medium such as a lead sludge or in a 
aettable epoxy resiu. Where it is desired to have pure ptfe 
or only selects additives, the material poses severe 
pracstical problems.* 

Viewed from one aspect, the invention provides a low friction 
load bearing material and viewed from a further aspect it 
provides a method of making such a materials 

According to the invention thu:e is provided e low friction 
load bearing mat^lal conpriaing a me1 -. n1 substrate having a 
surface and a layer of solid low friction s&aterial adhering 
directly to the surface characterised in that the surface is 
discontinuous and the low friction material is particulate and 
is sintered directly onto the surface under conditions of heat 
and. pressure.. 

The low friction iiiaterial may cooqgariae ptfe and in a 
particular form may consist solely, of pure pt£e« 

The discontinuous surface may be perforated.. . 



In a preferred embodiment, the surface is flasie sprayed with 
a hard metal. . The hard metal may be molybdenum or steel for 
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* 

The invention fuxtiher provides a method of makln? a l6w 
friction load bearing xaaterlal cmnprlslng taking a substrate 
having a surface and adhering a layer of solid low friction 
material directly to the surface charaicterised by the steps of 
providing discontinuities in or on the surface, applying the 
low friction material in particulate form, applying pressure 
to the particulate low friction material and beating to sinter 
the low friction material directly to the surface. 

The material may be cooled while retaining the pressure. 

The method may include an additional step of flame spraying 
the surface with a hard metal before sintering the low 
friction material thereon. 

The Invention will now be described in more detail by way of 
example only with reference to the accompanying drawings in 
^ich 

Figure 1 diagrammatically illustrates a friction reducing 
means intended for use on a machine tool slldeway, with parts 
of the surface broken away. 

Figure 2 is a sectional view through the friction reducing 
means of Figure 1 to illustrate its method of manufacture. 

Figure 3 diagrammatically illustrates a flame spraying 
apparatus . 

Referring to Figures 1 and 2 of the drawings, a friction 
reducing means is generally indicated at 10 and comprises a 
base or substrate 11 which is made of metal sheet or plate* 
The particular metal and its dimensions are selected for the 
intended purpose. 

A plurality of openings 12 are provided in the substrate 11 so 
that its upper surface 13 is discontinuous. The pattern of 
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openings 12 may be regolax- ox j^ancioni but "the deaired affect 
1:0 break up t:he surface 12 in aucb a way that tbe maxiniUTn 
spacing 14 between the openings is below a distance selected 
by criteria relating to the mat^ials used, which will be 
discussed below- 

The openings 12 are,, in tie illustrated ernbodlment^ through 
openings. However they could merely be surface depressions or 
other formations for rendering the surface 13 dlscontixmoua . 

Further discontinuity is created by f laaie spraying the surface 
11 with a t^^^ft layer 15 of a hard metal. The preferred metal 
is inol3^>dennm vdiich is ffictremely hard and durable^ has low 
intrinsic friction and tends to work harden with applied 
forces* 

The flame spraying Is caunrled cut fay an apparatue similar to 
that diagriumnatically illustrated in Figure 3 in which 
acetylene Is applied to a central pipe 16 Into an oxygen 
atmosphere provided within a concentric pipe 17 r metal 
being fed into the resulting flame 18 in rod or wire form at 
19 » Conpressed air in a surrounding sheath 2Q forces the 
vaporised particles of molybdenum in a stream at 21 onto the 
substrate 22 r 1:he whole apparatus beiiig moved as Illustrated 
in the arrows to lay down a thin coating of molybdennm* 

It Is known to provide a molylxlenam coating on for example 
steel for proAicing a^ wear resistant and relatively low 
friction surface^ - However the process ca rr i ed out at present 
has limitations since the indl-^dnal layers of molybdenum are 
only about fifty, microns in thickness. As succeeding layers 
are added by flame spraying, the cooling of the layelrs 
underaeath causes stress to twiild up betmen the sqbstacate and 
the coating. !Che thicker the coating which Is built up, the 
greater the stress within It and the greater the t endenc y for 
the coating to strip up off the substorate. It is possible to 
heat the substrate but thle only has a marginal effect ou the 
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possible -thickness of coa'tlng* ^ The Tnaxiimm -tends -to be about 
750-800 microns. 

If the substrate la thin, the stresses In the malyfadentim 
coating tend to cause It to bend or curl; If the substrate Is 
thick, the coating may peel off. 

By providing a plurality of openings 12, the TmiyiTinm length of 
surface available to the molybdenum spray coating Is the 
relatively short length 14 which limits the Amount of stress 
which can build up due to difference of ten^erature and 
expansion coefficient between the molybdenum and the steel. 
This assists the molybdenum coating to stay firmly adhered to 
the steel substrate. 

The effect Is reinforced by the over spraying of the metal 
which tends to lodge In the tops of the openings 12 aa seen In 
the sectional view of Figure 2, Indicated at 23. 

The molybdenum coating 15 therefore provides a porous surface 
layer on the substrate 11 and. In addition, somewhat 
penetrates Into the openings 12 tending to close the mouths of 
the openings a little. 

Although optional, the flame spraying with molybdenum assists 
In making a very secure bond between the metal substrate 
(typically steel), and a layer 24 of low friction material. 
The low friction material may be ptf e although other forms of 
low friction material may be used. 

Ftfe is difficult to bond to a surface because it is 
chemically very inert* It also expands very substantially oh 
sJLntering, to the extent of perhaps 25% and then contracts by 
about 30% on cooling. It is therefore very difficult to make 
a mechanical bond and Is^ossible to make a chemical bond to 
hold it onto a substrate. 
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iR order l:o alrb eaip t : to ovi&rcodid these difficulties, it has 
prsvioasX; been proposed' to ose a canier. in admixture' with 
the ptfe in a powdte form* TOr example ptfe powder and a lead: 
based mutip^rA*^ have ben formed into a sludge or paste and 
applied to a substrate, aat amatively , the ptfe has been used 
in powder form as & filler in a settable epoaq^ resin. 

To obtain the best low friction effect, it is preferable to 
use pure ptfe. For other reasons, for example dissipation of 
heat, it may be desirable to use an additive such as bronse 
potfder. However the additive if any should be chosen for the 
intended use and not primarily in order to make the ptfe 
adhere to the substrate^ 

Since the ptfe expands approximately ten times as much as the 
steel substrate, it has hitherto not proved successful to 
sinter the ptfe powder directly to the substrate* However in 
the process of the presrat invention, the ptfe is applied in 
powder form to the substrate and a foressare cycla is applied 
riwy^Tig the heating process by^ which the ptfe powder is 
slnt^»d to the metal. 

The ptfe layer 24 is applied in powder form or an aqueous 
dispersion of ptfe may be usiad to increase penetratioa of the 
porous surface. A substantial pressure is firstly ^plied as 
illustrated by the axrcm iit Figure 2* Xt is preferred to use 
a ^^^^mm pressure of approximately 6400 tonnes per square 
metre to consolidate the ptfe» The material is heated to a 
temperature of 360 degrees Celsiu9 under pressure, and the 
pressure may then be red uce d during sutering, for example to 
about a quarter to one fifth, of the maximum* This reduced 
pressure la retained n^w'^^T the sintering is almost conqplete. 
0!he pressure is then increased touards the maxlTiinm and the 
material is allowed to cool under high pressure. Shus, the 
TiriTTn^T ^pahsion of the ptfe during the heating process is 
contained by the cycle of pressures applied « ^en sintering 
Is couqplete and the heating is discontinued, the normal 
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shrinkage of pt£e la again reslatied becaaaa of the high 

pressure applied iiriilGh Is retained until the material reaches 
more or less sniblent temperlature • It may be possible to apply 
a constant pressure throughout but high pressure tends to 
Increase sintering tlioes. 

The porous spray coating of molybdenum 15 assists In providing 
a mechanical key to which the ptfe powder can be sintered. 
Furthermore, the over spray 23 reduces the width of the mouth 
of each of the openings 12 and hence the ptfe tends to btilge 
In a general mushroom formation within the openings 12, giving 
strong mechanical keying* 

When complete, th& low fxlctlon load bearing material 10 can 
be secured to a machine tool slldeway for example by simply 
screwing It on. It can be cut to size If required* 

In addition to the basic process outlined above, the metal 
substrate could be provided with grooves or could be 
shotblasted or etched before the process takes place. In the 
event that It Is not required to provide a molybdenum coating, 
for example for a relatively low load bearing material , the 
shot blasting or etching may provide sufficient mechanical 
keying, provided that the ptfe Is sintered on under pressure. 

AgaJLn, although the discontinuities In the surface have been 
described as being through holes. In some circumstances It may 
be preferred slxsply to use depressions, dimples, grooves, 
undercut channels or other formations provided that these 
break up the surface area to a sufficient extent, it has been 
f ouxid that the effective length between discontinuities should 
be between 5mm and SQmm ^ere the substrate Is steel and It Is 
being flame sprayed with mol^^bdenum* 

As an alternative. It may be possible to use other materials 
such as stainless steel In spray form, or a combination of 
materials • 
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The invetition provides a material which can be z^eadlly handled 
and fl^ed lio Its point, of nae, ^gfalch can have very high load 
bearing gualltlee and in which the nee o£ a metal substrate 
prevents or greatly redncea the tendency o£ the ptfe Imr 
friction surface to creep or lift. !ehe intimate mechanical 
bond between the ptf e and the substrate reduces distortion^ 
resists the stripping of f of the ptfe and hence produces a 
very durable product. The additional use of molybdenum, 
although optional, may produce higher load bearing and even 
more durable mechanical bonding » ■ Xf desired*, the molybdenom 
can be sprayed on in a localised layer, for example at the 
leading edge of a moving part, for localised added strength. 
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CIAIM8 

1. A low friction load btering salierial compriQing a metal 
substrate having a 8ur£aoe and a layer of solid loir friction 
material adherincr directly to the surface, characterised in 
that the stirface is discontinaous and the low friction 
material is particulate and is sintered directly onto the 
surface under conditions of heat and pressure « 

2 m A material according to claim 1 further characterised in 
that the loir friction material cos^rises ptfe. 

3. A material according to claim 2 further characterised in 
that the low friction material consists solely of pure ptfe« 

4« A material according to any preceding claim furthez^ 
characterised in that the discontinuous surface is perforated. 

5. A material according to any preceding claim further 
characterised in that the surface is flame sprayed with a hard 
metal. 

6. A material according to claim 5 further characterised in 
that the hard, metal is molybdenum. 

7. A material according to claim 5 or claim 6 further 
characterised in that the hard metal is stainless steel. 

8. A method of making a low friction load bearing material 
CQ^rising talcing a substrate having a surface and adhering a 
layer of solid low friction material to the surface, 
characterised by the steps of providing discontinuities in or 
tm the surface, applying a low friction material in 
particulate form/ applying pressure to the particulate low 
friction material and heating to sinter the low friction 
material directly to the surface. 
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9 » A metiiod according to .claiin 8 Xur Lher characrtexrlsed In 
1±te stop of cooling -the material wiiile retaining tdie pressure. 

10. A method according to "T^^** 8 or claim 9 faxrther 
characterised iat the ste^ of flame dpraying ^the snrface with 
a hard metal before ftintc^ring the lov friction material 
thereon. 
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